Measurement of the binding forces between von Willebrand factor and variants of platelet glycoprotein Ibalpha using optical tweezers.
Thrombus formation is initiated by adhesion of the platelet receptor, glycoprotein (GP) Ib-IX-V complex, to its adhesive ligand, von Willebrand factor (vWf), in the subendothelium or plasma. The vWf-binding domain of GP Ib-IX-V is in the GP Ibalpha subunit of the complex and contains a leucine-rich repeat region. The adhesion of different leucine-rich repeats was studied using optical tweezers in order to determine which ones were critical for the vWf/GP Ibalpha interaction. Canine GP Ibalpha does not normally bind to human vWf, and thus canine-human GP Ibalpha chimeras were constructed by sequentially replacing human GP Ibalpha structural regions with their canine counterparts. Chinese hamster ovary (CHO) cells, which are frequently used to express platelet GP complexes, were transfected with the chimeric proteins. Optical tweezers (lambda = 830 nm) were used to investigate bond strengths between vWf and different GP Ibalpha canine-human chimeras. Since vWf does not bind GP Ibalpha without high shear stress, the compounds botrocetin and ristocetin were used to induce binding between human vWf and the chimeras. All human-canine GP Ibalpha chimeras bound to vWf in the presence of botrocetin. Replacement of the N-terminal flanking sequence and the first leucine-rich repeat resulted in lower GP Ibalpha/vWf bond strengths than the wild-type human GP Ibalpha/vWf bond strength (P < 0.05). Chimeras lacking the second leucine-rich repeat did not adhere to vWf with ristocetin acting as modulator. The N-terminal flanking sequence and the first leucine-rich repeat of GP Ibalpha were found to be important but not necessary for GP Ibalpha to adhere to vWf. The second leucine-rich repeat was found to be critical for GP Ibalpha to bind vWf and could potentially be used in the development of a novel recombinant anti-thrombotic drugs.